After taking into account the important role of disturbances, net carbon sequestration in forest ecosystems is strongly driven by nitrogen (N) deposition. The effect of added nitrogen is positive over a wide range of deposition intensities. This means that mankind is ultimately controlling the carbon balance of temperate and boreal forests -either directly through management or indirectly through nitrogen deposition. (RE, (a)) and average gross primary productivity (GPP, (b)) and mean annual temperature at the study sites. In both (a) 
− Further factors need to be considered for the estimation of the actual availability of deposited N to trees: 10-50% of the deposited N will leave the ecosystem via leaching according to Gundersen et al. (2006) and De Vries et al. (2007) . However, canopy uptake may range from 5 to 14 kg per hectar and year.
Boreal and temperate forests are currently substantial sinks for atmospheric CO 2 . Some part of this sink capacity is due to an increase in forest area following agricultural abandonment. Other influencing factors are increased temperatures, higher atmospheric CO 2 concentrations, nitrogen deposition or changes in forest management. The separation of these influence factors presents a considerable challenge for scientists.
Stand-replacing disturbances drive the carbon sink dynamic of managed forests. In the first years after timber harvest, young re-growing forests are usually carbon sources until they reach a phase of high net primary productivity (NPP) and turn into significant carbon sinks. In oldgrowth forests, NPP might then decline again. This leads to a large variability in net ecosystem production (NEP) and thus in the carbon sink capacity among different sites. This apparent variability has been unravelled by a CarboEurope-IP study which removed the effects of stand age by considering the whole forest management cycle.
In several chronosequences of complete forest rotation cycles, the carbon accumulated over the whole rotation period as well as gross primary production and respiration were calculated. These data were then compared with the average annual temperature and the rate of wet nitrogen deposition. Both ecosystem respiration and gross primary production were positively correlated with temperature whereas only a weak correlation existed for NEP. However, NEP and thus the net carbon sink increased with nitrogen deposition. The response of ecosystem respiration and gross primary productivity (GPP) is probably controlled mainly by soil organic matter decomposition, which releases the nutrients needed for photosynthesis and growth. Humans have added an additional nitrogen source and thus caused an imbalance between the uptake and the input of this nutrient, leading to net carbon sequestration by forest ecosystems.
The exact amount of how many kg of carbon will be sequestered per kg of nitrogen deposition is still subject to debate. Several factors have to be taken into account: − The influence of N deposition on NEP might co-vary with other factors like overall site fertility, stand density etc. These factors will not only influence NPP but also ecosystem respiration and should thus only have minor effects on NEP. In contrast, N deposition increases NPP while at the same time reducing ecosystem respiration (Bowden et al. (2004) , Olsson et al. (2005) , Schulze (2000)).
− The role of carbon allocation: forest ecosystems tend to invest sequestered carbon in the root system, which has C/N values of 50-100. However, an increased availability of N could also lead to an increased allocation to wood with higher C/N ratios. European forests belong to the most intensively managed forests in the world. Millions of forest owners determine tree species, rotation length, and e.g. the degree to which dead wood is allowed to occur. These owners therefore influence the present and future carbon balance to large extent. Forest inventory based models that can take into account this forest management are therefore important tools in assessing the present and future C balance. CarboEurope-IP researchers have collected data and developed a tree species map at a resolution that has so far not been available in a harmonized way in Europe. Wet N deposition in Europe. Magnani, pers. communication. High resolution European tree species map. Nabuurs, pers. communication.
Up to now, inventory based forest carbon balance studies for Europe were always based on aggregated data with low resolution. This made the exchange and comparison of results with process based and grid based models as ORCHIDEE and LPJ cumbersome. (Magnani F. et In order to improve this situation, a process of acquiring and gathering raw plot data of each national forest inventory was started in April 2004. By now (May 2008) , data from 266,000 plot locations from 18 countries have been gathered. The database contains for each location variables like tree species, age, height, stem number, growing stock and increment.
The first result is a high resolution tree species map for 20 species, which is needed in order to be able to dynamically simulate forest development and thus the C balance at the 1x1 km² resolution. A high resolution empirical forest model will allow overlays to be made with various sorts of GIS material, (e.g. slope, weather, future climate, accessibility of forest) and to more accurately address topics (apart from carbon) as biodiversity, NATURA 2000 sites, disturbances, and climate change impacts and adaptation.
The European tree species map was created in two steps. In the first step the ICP-Level-I plots database was used to calibrate a regression model for each tree species on temperature, precipitation, soil, elevation and biogeographic region. By applying GIS material on these factors, 
Sarrat et al. (2007)
New results from the CarboEurope-IP regional experiment show that the air above any particular patch of vegeation cannot be simply related to the flux at the surface. Simultaneous measurements of surface fluxes and vertical concentration profiles reveal the complex history of air movement over the landscape. This finding has profound implications for the estimate of regional scale carbon fluxes.
CarboEurope-IP is measuring the carbon balance both with ground-based observation sites in various ecosystems and in the atmosphere above the whole continent using inverse modelling techniques. There is an obvious gap between the scales of these two techniques that currently blocks progress in understanding how the biosphere interacts with the overlying atmosphere. The gap is important because it covers the regional to national scale, the scale at which community action can be taken and the progress towards enhancing ecosystem carbon uptake can be monitored.
In order to improve our knowledge and the models at the regional scale, CarboEurope scientists executed a regional experiment on an area of 250x150 km in southwest France in 2005 (CERES: CarboEurope Regional Experiment Strategy). The aim of CERES was to find out whether it is possible to determine the carbon balance of a region with a variety of different land uses and to use the atmosphere as a "witness" for the exchange fluxes. Besides flux towers and ground based measurements, research aircraft were used to get high precision in situ CO 2 concentration measEstablishing a regional CO 2 budget -how atmospheric modelling helps to trace CO 2 fluxes a prediction of the tree species ratios was made for the whole of Europe at 1 km resolution. This prediction was then converted to a local cover per tree species by scaling it with the European forest map and calibrated to regional inventory statistics.
For the second step, the species ratios of the 266,000 plots were interpolated to the 1x1 km² grid using compositional kriging. These ratios were subsequently scaled to the European forest map to derive the local tree cover per species. The kriging results are projected on top of the regression predictions. The map displayed here gives the distribution of 20 tree species at a 1x1 km² resolution. Only one tree species per pixel can be visualized whereas the database contains fractions of different tree species for each pixel.
Never before was such high resolution material available in a harmonized way in Europe. This map of tree species is the first result. The routines will also be applied to other variables with which the forest state can be initialized at the 1x1 km² (e.g. stem number, growing stock and increment). A forest simulation model is under development, and first exchanges with process based models have been done based on the raw data of the present state of the forest. The overarching aim of CarboEurope-IP is to understand and quantify the present terrestrial carbon balance of Europe and the associated uncertainty at local, regional and continental scale.
CarboEurope-IP in brief
Integrated observations via a harmonized multi-platform atmospheric observation system and 100 ecosystem research sites are used to understand ecosystem responses to climate, land use and management. Together with advanced modelling of fossil fuel emissions and biosphere carbon exchange using a multiple constraint approach, CarboEurope-IP produces policy-relevant products like regional spatial and temporal patterns of the European carbon balance: It provides scientific instruments to monitor and verify the national reports under the UN climate change convention and to control the performance of mitigation. urements from horizontal or vertical transects through the boundary layer. Simultaneously, air samples were taken for later analyses of trace gases and isotopic composition. Thus, the concentration of CO 2 and the processes controlling its evolution could be traced. The obtained data were then fed into mesoscale models to obtain CO 2 concentration fields.
The figure on page 3 shows an example of a so-called "golden day" with anti-cyclonic weather conditions that was used to carry out a high-resolution modelling study of an episode of the experimental campaign representing unexpected regional distribution of CO 2 with strong heterogeneities in the atmospheric boundary layer. It was the aim of this study to separate the contribution of different physical processes like fluxes and transport processes controlling the spatio-temporal CO 2 evolution by simulation with a high resolution mesoscale meteorological transport model. For this purpose, we follow the trajectory of an air package over the landscape. The CO 2 mixing ratio above the atmospheric boundary layer stays constant at 382 ppm. In the eastern part of the experimental region, the air below the boundary layer is depleted of CO 2 by the photosynthesis of winter crops like winter wheat, lowering the mixing ratio by 15 ppm. This effect is slightly less pronounced over maize fields. The western parts of the experimental area are dominated by coniferous forests. Due to a high sensible heat flux the atmospheric boundary is considerably higher, thus "diluting" the effect of CO 2 assimilation by photosynthesis. Moreover, advective CO 2 fluxes are caused by the westerly sea breeze. This leads to a slight increase in the CO 2 mixing ratio above the forest canopy.
These results show that CO 2 profiles can be very complex and that the history of air masses and meteorological conditions need to be known in detail for their correct interpretation. The complexity of the CO 2 signal tells about the exchange fluxes that have taken place between the air masses and the vegetation. This information is very important and can be well reproduced with mesoscale models if enough data are available. Despite the fact that a lot of effort will still be necessary to make the models applicable for other regions, the results of CERES are very promising. Sarrat C. et al. (2007) 
